(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Meiieciua! Property Organization: 1^1!%"^ !i§iilli§ffiilli^!^ilil§ii11illSSlilii i l^iiii l irri'II ! 

fcsseraational Bureau K j * <; * I ! 55 I lillilllillltllllllllli 

(43) IsteniaUoBal PublicstioB Date (30) latensaJiotsa! Publication Nussber 

27 December 2002 (27.12.2002) PCT WO 02/102869 Al 



(51) Isteraafioaal Pateat Classification 7 : C08G 18/10, 

18/32 

(21) latensatioaal Application Number: PCT7US02/18869 

(22) IttteraatioaalFIIiagDate: 1 1 June 2002 (II .06.2002) 

(25) Filisg Laagaage: English 

(26) Pubticstiois Language: English 

(30) Priority Data: 

60/298,470 15 June 2001 (15.06.2001) US 

(71) Appiicaat (for al! designated Slates except US): HUNTS- 
MAN PETROCHEMICAL CORPORATION [US/US]; 
Legal Department, 71 14 North Lamar Blvd., Austin, TX 
§§§ 78752 (US). 

jgggg (72) Inventors; and 

^ (75) Inventors/Applicants {/or O'S on/^: KLEIN, Howard, 
^ P. j.US/US !; 5200 Welcome Glen. Austin, TX 78759 (US). 

REDDINGER, Jerry, L. [US/US); 1403 Pearl Street, 
^ Round Rock, TX 78681 (US). HHJLMAN, Kasaeta, SI 
= I USA IS); 414 rsspatada fiiive. Georgetown, TX 78628 

(US). 



(74) Ageat: WHEWELL, Christopher, J.; Huntsman Corpo- 
ration, 71 14 North lamar, Austin, TX 78752 (US). 



(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB. BO. BR, BY, BZ, CA, CH, CM, CO, CR, CU, 
CZ, DB, DK, DM, DZ, EC, BE, ES, Ff, GB, GO, GE, GH, 
GM, HR, HU, ID, U., IN, IS, JP, KB, KG, KP, KR, KZ, LC, 
LK, LR, US, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NO, NZ. OM. PH, PL, PT, RO, RU, SD, SB, SG, 
SI, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, 
VN, YU, ZA, ZM, ZW. 



(84) Desigaated States (regional): ARIPO patent (GH, GM, 
KB, US, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, CH, CY, DB, DK, ES, FI, FR, 
GB, GR, IB, IT, LU, MC, NL. PT, SB, TR), OAPI patent 
(BP, BJ, CP, CO, CI, CM, GA, GN, GQ, GW, ML, MR, 
NB, SN, TD, TG). 



Published: 

with international search report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 




(54) Title: SYNERGISTIC AMINE CHAIN-EXTENDERS FN POLYUREA SPRAY ELASTOMERS 



(57) Abstract: Disclosed are derivatives of isophorone diamine exhibiting a synergistic relationship with other commonly employed 
Q chain extenders offering enhanced efficacy with regard to slowing of the polyurea elastomer cure profile, and processes employing 
their use. According to the invention, extensions of the gel-free and tack-free times are more readily achieved at lower loading levels 
for these chain extender blends than are afforded through the sole use of the individual molecules. 



WO 02/102869 



PCT/US02/18869 



Synergistic Amine Chain-Extenders la Polyurea Spray E lastomers 

5 Cross-Refe reaces to Related Applications 

This application claims priority to US Provisional Patent Application serial 
number 60/298,470 filed June 15, 2001 which is currently still pending. 

Field of the Invention 

10 

The present invention relates to polyurea spray elastomer technology. More 
particularly, it relates to controlling the speed of the reaction by which polyurea is 
formed from an organic isocyanale and an organic polyarrnne, such as a diamine. 

15 Background Information 

hi plural-component polyurea spray elastomer technology, it is usually 
necessary to govern the speed of reaction, for practical reasons. Generally, the 
slowing of polyurea systems is accomplished via the use of specialized diamines that 

20 can delay the onset of cure through a combination of steric and electronic factors. The 
diamines are typically low-molecular weight cyclic species and are commonly 
referred to as chain extenders by those skilled in the art of polyurea elastomer 
technology. 

The current state of the art polyurea elastomer technology utilizes low- 
2 5 molecular weight secondary amine chain extenders to tailor the speed of polyurea 
spray elastomer systems. Presently, UNIL1NK® 4200 from UOP is the main chain 
extender employed to extend gel and tack-free times. This product is relatively high 
in cost at ~$4.5Q-5.00Ab, and has proven cost prohibitive in some circurnstances. An 
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aliphatic version of UNILINK® 4200 is available from UOP under the tradename 
CLEAKLMK® 1000, as well. 

Summary of the Invention 

5 

We have found that derivatives of isophorone diamine exhibit a synergistic 
relationship with other commonly employed chain extenders and offer enhanced 
efficacy with regard to slowing of the polyurea elastomer cure profile. According to 
the invention, extensions of the gel-free and tack-free times are more readily achieved 

10 at lower loading levels for these chain extender blends than are afforded through the 
sole use of the individual molecules. 

We have discovered synergistic effects when a derivative of isophorone 
diamine (XTA-754) is combined with other chain extenders (i. e. ETHACURE® 1 00 
and UNBLINK® 4200) typically utilized in polyurea spray elastomer formulations. 

1 5 The use of XTA-754 blends offers enhanced efficacy with regard to slowing of the 
polyurea elastomer cure profile than can be achieved under similar loading of the 
individual chain extenders when used by themselves. 
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Detailed Description 

This invention relates to poiyurea spray elastomers based upon plural 
5 component coating technology. The resulting poiyurea spray elastomer materials are 
derived from reaction between an isocyanate component (A) and amine resin 
component (B). 

The (A) component, or isocyanate component, may consist of any number of 
suitable aromatic or ahphatic-based prepolymers or quasi-prepolymers. These are 

1 0 standard isocyanate compositions known to those skilled in the art. Preferred 

examples include MDI-based quasi-prepolymers such as those available commercially 
as RUBINATE® 9480, RUBINATE® 9484, and RUBINATE® 9495 from Huntsman 
International, LLC. The isoeyanates employed in component (A) can include 
aliphatic isoeyanates of the type described in U.S. Pat. No. 4,748,1 92. These include 

1 5 aliphatic di-isocyanates and, more particularly, are the trimerized or the biuretic form 
of an aliphatic di-isocyanate, such as hexamethylene di-isocyanate ("HDP), or the bi- 
functional monomer of the tetraalkyl xylene di-isocyanate, such as the tetramethyl 
xylene di-isocyanate. Cyclohexane di-isocyanate is also to be considered a useful 
aliphatic isocyanate. Other useful aliphatic polyisocyanates are described in U.S. Pat 

20 No. 4,705,8 1 4. They include aliphatic di-isocyanates, for example, aikyiene di- 
isocyanates with 4 to 12 carbon atoms in the aikyiene radical, such as 1,12-dodecane 
di-isocyanate and 1,4-tetramethylene di-isocyanate. Also useful are cycloaliphatic di- 
isocyanates, such as 1,3 find 1,4-cyclohexane di-isocyanate as well as any mixture of 
these isomers, I- isocyai!Mo~33,5-trimethyl-5-isocyanatomethyicyclohexgne 
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(isophorone di-isoeyanate); 4,4-^2'- and 2,4 1 -dicyclohexy [methane di-isocyanate as 
well as the corresponding isomer mixtures, and the like, All patents mentioned in this 
specification are herein incorporated by reference thereto, 

A wide variety of aromatic polyisocyanates may also be vised to form a 
5 foamed polyurea elastomer according to the present invention. Typical aromatic 
polyisocyanates include p-phenylene di-isocyanate, polymethylene 
polyphenylisocyanate, 2,6-toluene di-isocyanate, dianlsidine di-isocyanate, bitolylene 
di-isocyanate, naphthalene-1 ,4-di-isocyanate, bis(4-isocyanatophenyl)methane, bis(3- 
memyl-34soKiyanatophenyl)methane, bisCS-methyl^-isocyanatopheny^methane, and 

1 0 4,4-diphenylpropane di-isocyanate. Other aromatic polyisocyanates used in the 

practice of the invention are rnethylene-bridged polyphenyl polyisocyanate mixtures 
which have a functionality of from about 2 to about 4. These latter isocyanate 
compounds are generally produced by the phosgenation of corresponding methylene 
bridged polyphenyl polyarnines, which are conventionally produced by the reaction of 

1 5 formaldehyde and primary aromatic amines, such as aniline, in the presence of 
hydrochloric acid and/or other acidic catalysts. Known processes for preparing 
polyarnines and corresponding rnethylene-bridged polyphenyl polyisocyanates 
therefrom are described in the literature and in many patents, for example, U.S. Pat 
Nos. 2,683,730; 2,950,263; 3,012,008; 3344,162 and 3,362,979. Usually methylene- 

2 0 bridged polyphenyl polyisocyanate mixtures contain about 20 to about 1 00 weight 
percent methylene di-phenyl-di-isocyanate isomers, with the remainder being 
polymethylene polyphenyl di-isocyanates having higher functionalities and higher 
molecular weights. Typical of these are polyphenyl polyisocyanate mixtures 



4 



WO 02/102869 PCT/USG2/18869 
containing about 20 to about 100 weight percent di-phenyl-di-isocyanate isomers, of 
which about 20 to about 95 weight percent thereof is the 4,4'~isomer with the 
remainder being polymethylene polyphenyl polyisocyanates of higher molecular 
weight and functionality that have an average functionality of from about 2.1 to about 
5 3.5. These isocyanate mixtures are known, commercially available materials and can 
be prepared by the process described in U.S. Pat No. 3,362,979. One preferred 
aromatic polyisocyanate is methylene bis(4-phenylLsocyanate) or MDL Pure MDI, 
quasi-prepolymers ofMDI, modified pure MDI 5 etc. are useful to prepare suitable 
elastomers. Since pure MDI is a solid and, thus, often inconvenient to use, liquid 

1 0 products based on MDI or methylene bis(4-phenylisocyanate) are also useful herein. 
U.S. Pat No. 3,394,164 describes a liquid MDI product. More generally, uretonimine 
modified pure MDI is included also. This product is made by heating pure distilled 
MDI. in the presence of a catalyst. The liquid product is a mixture of pure MDI and 
modified MDI. Of course, the term isocyanate also includes quasi-prepolymers of 

1 5 isocyanates or polyisocyanates with active hydrogen containing materials. Any of the 
isocyanates mentioned above may be used as the isocyanate component in the present 
invention, either alone or in combination with other aforementioned isocyanates. 

The (B) component, or amine resin component typically consists of a blend 
comprised of mid- to high-molecular weight polyether amines, low-molecular weight 

20 amine chain extenders, and other optional additives such as pigments, adhesion 
promoters, and light stabilizers. The poiyetheraroirtes serve as the mid- to high- 
molecular weight amine components and are a key building block in the polyurea 
coating's soft block segments. In the preferred embodiment, suitable polyether 
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amines include those commercially available from Huntsman Petrochemical 
Corporation of Austin, Texas, and include without limitation JRFFAMNE® D-230, 
JEFF AMINE® D-400, JEFFAM1NE® D-2000, JEFF AMINE® T-403 and 
JEFFAMINE® T-5000 amines. Generally, poiyetheramines useful as a portion of the 
5 amine component according to the present invention are described by the formula: 



in which R, and Rj are each independently selected from the group consisting of: 
hydrogen; an alkyl group having 1, 2, 3, 4, 5, or 6 carbon atoms, whether straight-chain 
or branched; or a radical of the formula: 



10 in which R 3 in each occurrence may be an alkyl group having any number of carbon 



is a straight-chain or branched alkyl bridging group having 1, 2, 3, 4, 5, or 6 carbon 
atoms; Z is a hydroxy group or alkyl group containing 1, 2, 3, 4, 5, or 6 carbon atoms, 
straight-chain or branched; q is any integer between 0 and 400; and wherein X is any of: 





iq 



atoms selected from 1, 2, 3, 4, 5, or 6, straight-chain or branched; R, in each occurrence 



15 



i) 



a hydroxy group or an alkyl group having any number of carbon atoms 



selected from 1, % 3, 4, 5, or 6; or 
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S ! 

ii) a group Rg-N- or R^-N-Rj- in which and Rg are each independently 
selected from the group consisting of: hydrogen; an aikyl group having 1, 2, 3, 4, 5, or 
5 6 carbon atoms, whether straight-chain or branched; or 



Jq 

as defined above in which Z is a hydroxy group or an alkoxy group having 1, 2, 3, 4, 
5, or 6 carbon atoms, and in which R 7 is a straight-chain or branched alkylene 
bridging group having 1, 2, 3, 4, 5, or 6 carbon atoms; or 

10 

iii) a moiety of the formula: 

Sis 

I 

R« C (R2i)<K>-(R«0)t > -Rs-N_. Rl1 

R19 C O (R 12 0) c -R 13 -N R14 

in which R iC „ R u , R i4s and R i5 are each independently selected from the group of: 
15 hydrogen; an alkyl group having 1, 2, 3, 4, 5, or 6 carbon atoms, straight-chain or 
branched; tibe moiety 
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as defined above in which Z is a hydroxy or alkoxy group having 1,2,3, 4, 5 S or 6 
carbon atoms; Rg and R 52 are each independently allcyl groups having 1, 2, 3, 4, 5, or 6 
carbon atoms, straight-chain or branched; R,, R 13s and R 23 are each independently 
5 selected from a straight-chain or branched aSkyl bridging linkage having 1,2,3, 4, 5, or 
6 carbon atoms; R )fo R 17 , R 1S> R J9s R^ are each independently selected from hydrogen or 
an alkyl group having 1, 2, 3, 4, 5, or 6 carbon atoms; d is 0 or 1; a is any integer 
between 0 and 100, with the proviso that when X is a moiety of the formula given in iii) 
above, b and c may each independently be any integer is the range of 0 to 390, and the 

1 0 sum of a+b+c is any number between 2 and 400. 

In the practice of this invention, a single high molecular weight amine- 
tenninated polyol may be used. Also, mixtures of high molecular weight amine 
ter m inated polyols, such as mixtures of di- and tri-functional materials and/or 
different molecular weight or different chemical composition materials, may be used. 

1 5 Also, high-molecular weight, anime-teiminated polyethers or simply polyether amines 
may be included in component (A) and may be used alone or in combination with the 
aforestated polyols. The term high molecular weight is intended to include polyether 
amines having a molecular weight of at least about 200. Particularly preferred are the 
JEFFAMTNE®series of polyether amines available from Huntsman Petrochemical 

2 0 Corporation, and include without limitation JEFFAMME® D-230, JEFF AMINE® 
D-400, JEFFAMNE® D-2000, JEFF AMINE® T-403 and JEFFAMINE® T-5000 
amines. These polyether amines are described with particularity in Huntsman 
Petrochemical Corporation's product brochure entitled "THE JEFF AMINE© 

8 
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POLYOXYALKYLENEAMINES." Any of the amines specifically mentioned or 
otherwise described above may be used as the amine component in the present 
invention, either alone or in combination with other aforementioned amines. 

The chain extenders utilised can include both aromatic and aliphatic molecules 
5 commonly employed in the current polyurea technology. It is also quite useful to use 
blends of chain extenders to tailor the gel-free and tack-fee times of the resulting 
polyurea elastomers. Generally, these chain extenders include the products available 
commercially as XTA-754 from Huntsman Petrochemical Corporation, 
ETHACURE® 100 and ETHACURE® 300 from Albemarle Corporation, and 

1 0 UNILMK® 4200 from UOP Corporation. The chain extenders useful in this 

invention include, for example, XTA-754, l-mctliyl-3,5-diethyl-2,4-<lianunobenzene, 
l-inetriyl-3,5-diethyl-2,6-diaminobenzene (both of these materials are also called 
diethyltoluene diamine or DETDA and are commercially available as ETHACURE® 
100 from the Albemarle Corporation, Baton Rouge, La.), 4,4'-bis(scc- 

1 5 butylarrjino)diphenylmethane (commercially available as UMLINK® 4200, a product 
of UOP Corpordtion), and l,3,5-triefoyl-2,6^ammobenzere^ 
diarninodiphenylmethane and the like. Particularly preferred aromatic diamine chain 
extenders are l-methyl-3,5Hiiemyl-2,4^aminoben2ene or a mixture of this 
compound with 4,4'-bis(sec-butylarnmo)diphenyImethane or l-methyl-3,5-diethyl- 

2 0 2,6-diarninoberizene. It is entirely within the scope of this invention to include some 
aliphatic chain extender materials as described in U.S. Pat. Nos. 4,246,363, 4,269,945, 
and 5,470,890. Other chain extenders include 4,4'-bis(sec-bu1ylarnino) 5 
di(methylthio>toluene diamine (commercially available as ETHACURE® 300, a 
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product of Albemarle Corporation) or N^'-bis(t-buiyl)ethylenediamine, each of 
which can be used alone or, preferably, in combination with l~meihyl-3,5-diethyl-2,4- 
diaminobenzene or l-methyl-3,5^ethyl-2,6^iaminoberizene. The aforementioned 
combination includes from about 1 to about 99 parts of 4 3 4'-bis(sec- 
5 buryIamino)diphenylme1hane s di(methy!thio)-toiuene diamine, or NjN'-bisCt- 
bistyljethyleQe-diaaime to about 99 to about 1 parts of DETDA. 

In the field of aromatic polyurea spray elastomers, ETHACUSE® 100 has 
become the most widely employed chain extender due to a cost/performance balance. 
However, polyurea spray formulations employing ETHACURE® 100 as the sole 

1 0 chain extender typically exhibit extremely short gel and tack-free times, and often 
result in coatings exhibiting an "orange-peel" morphology. To slow such aromatic 
polyurea spray elastomers, UNILIMK® 4200 can be incorporated into the 
formulation. However, the high relative cost ofUNlLINK® 4200 often limits the 
levels of its inclusion, and thus, imparts a practical ceiling as to how slow a polyurea 

1 5 spray formulation can be made. 

We have discovered that extensions of gel and tack-free times are afforded by 
the inclusion of a derivative of isophorone diarmne.(Huntsman's XTA-754) in 
aromatic polyurea spray formulations. The derivative of isophorone diammine may 
be prepared by reacting isophorone diamine with a carbonyl compound under 

2 0 reductive conditions using hydrogen, thus: 
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in the case of acetone, to produce a mixture of amines which comprise a novel 
isophorone derivative useful in accordance with providing a polyurea of the present 
invention. The mixture of amines on the product side of the equation above is, for 
purposes of the present specification and the appended claims, conveniently thought 
5 of as N-mono- and N,NP-di-isopropyl isophorone diamines, and collectively referred 
to as S! N, isopropyl isophorone diamine". This definition of "N-isopropyl isophorone 
diammine" includes the mono-2-propy 3 ated and the di-2-propylated materials, and all 
mixtures thereof, irrespective of their rel ative proportions in the case of mixtures. 

In general, it is preferable to use a N-isopropyl isophorone diammine having 

10 the highest amount of the NJT-di-isopropyl isophorone diamine represented by the 
second structure in the equation above. A particularly useful N, 2-propylated 
isophorone diammine is available from Huntsman Petrochemical Corporation of 
Austin, Texas under the designation of "XTA-754", which contains any desired 
amount between 80.00 - 99.99 % by weight of NJ^-di-isopropyl isophorone diamine 

1 5 based upon the total weight of the XTA-754, with the balance being mono-propylated 
material. 

In a general sense, the reaction product from the reductive amination reaction 
above will comprise a mixture of mono-alkylated and di-alkylated isophorone 
diamines, which may be represented by the structures: 

20 
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in which R may represent any pendant group selected from the group consisting of: 
methyl; ethyl; I -propyl; 1 -butyl; 1-pentyj; 4~methyl-2-pentyl; 2-propyl; 2-butyl; 2- 
5 methyl-1 -propyl; and cyclohexyl. According to the most preferred form of the 

invention, such a reaction product mixture comprises the N s N'-di~ substituted material 
in any amount between 80.00% and 99.99%, including every hundredth percentage 
therebetween, by weight based upon the total weight of the mixture. More preferably, 
such a reaction product mixture comprises the NJ-T-di- substituted material in any 

1 0 amount between 90.00% and 99.99% by weight based upon the total weight of the 

mixture. More preferably still, such a reaction product mixture comprises the NJ^-di- 
substituted material in an amount of at least 98.00% by weight based upon the total 
weight of the mixture. To produce a substituted isophorone diamine having R as 
methyl, ethyl, 1 -propyl, 1 -butyl or 1-pentyl, one conducts a reductive arnination with 

1 5 isophorone diamine in the presence of hydrogen and formaldehyde, acetaldehyde, 
propionaldehyde, butyraldehyde or pentanaldehyde, respectively. To produce a 
substituted isophorone diamine having R as 4-methyl-2-pentyl, 2-butyl, 2-propyl, 2- 
methyl-l-propyl, and cyclohexyl one conducts a reductive arnination with isophorone 
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diamine in the presence of hydrogen and memylisobutyi ketone, methylethyl ketone, 
acetone, isobutyraldehyde, and eyclohexanone, respectively. 

We have discovered that extensions of gel and tack-free times are afforded by 
the inclusion of this derivative in aromatic polyurea spray formulations. When used 

5 in conjunction with the fast-reacting ETHACURE® 1 00, a predictable and linear 
extension of gel and tack-free times is achieved. However, it should be noted that a 
threshold point with regard to XTA-754 concentration in the blend is encountered 
beyond which gel and tack-free times shorten and noticeable texturing of the coating 
occurs. 

10 An apparent synergy also exists between XTA-754 and UMLINK® 4200 in 

polyurea spray elastomer formulations. Under similar loading, gel and tack-free times 
are extended beyond those which are encountered when utilizing IJNILINK® 4200 as 
the sole decelerant In practical use IJNILINK® 4200 can be added as a supplemental 
chain extender to further slow a polyurea formulation beyond the inherent threshold 

1 5 point encountered with the optimum ETHACURE® 1 00/ XTA-754 blend. It is 
expected that XTA-754 will compete as well with CLEARLINK® 1000, which is 
used in aliphatic poymeric coatingshaving good color and uv resistance. 

The (A) component and (B) component of the present polyurea elastomer 
system are combined or mixed under high pressure; most preferably, they are 

2 0 impingement-rnixed directly in the high-pressure equipment, which is, for example, a 
GUSMER®H-V proportioner (or a GUSMER® UR-H-2000) fitted with a 
GUSMER® Model GX-7 spray gun where open-mold work or coating is desired. 
The ratios of these components are adjusted such that they are processed at a 1:1 
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volume ratio at an index between 0.9 and 1.20. These systems can be processed 
within a pressure range of 1000-3500 psi and a temperature range of 120-180°F with 
preferred processing conditions including pressures between 1500-2500 psi and 
temperature of 140-170°F. 
5 Thus, the useful temperature range at which a flexible polyurea may be prepared 

according to the invention is any temperature between 120-1 SOT. The useful pressure 
range at which a polyurea may be prepared according to the invention is any pressure 
between 1000-3500 psi. However, one of ordinary skill recognizes that temperatures 
and pressures outside these ranges are also useful; thus the present invention is not 

10 necessarily limited to being practiced witmn these parameters. 

Surprisingly, it has been found that the XTA-754 exhibits a synergistic 
relationship between other commonly employed chain extenders and offers enhanced 
efficacy with regard to slowing of the polyurea elastomer cure profile. Hence, gel and 
tack-free extensions are more readily achieved at lower loading levels for these chain 

1 5 extender blends than are afforded through the sole use of the individual molecules. 

For all the spray work described in the examples which follow, a GUSMER® 
Marksman proportioning unit (plural component) was used, fitted with a GUSMER® 
GX-7-40G spray gun. The equipment was set so as to process each example at an 
isocyanate to resin blend volume ratio of 1 .00. Spray processing pressure was 

2 0 maintained at 1 500 psi to 2500 psi on both the isocyanate and resin blend 
components. Block heat, as well as hose heat, was set at 160°F. 
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Example 1 

(COMPARATIVE EXAMPLE) 

The (A) component of a spray polyurea elastomer consisted of 108.4 parts of 
5 quasi-prepolymer, RUBMATE® 9480. The (B) component was prepared by 

combining 55.0 parte of JEFF AMINE® D-2Q00, 5.0 parts of JEFF AMINE® T-SG00, 
18.0 parts of ETHACURE® 100, and 18.0 parts of UNILFNK® 4200. The (A) and 
(B) components were mixed in the high-pressure, high-temperature } impingement-mix 
spray equipment, at an (A):(B) weight ratio of 1.12 and a volumetric ratio of 1.00. 
1 0 The resulting polyurea elastomer was sprayed onto a flat metal substrate coated with a 
sodium oleate based external mold release agent A good coating resulted exhibiting a 
7.0 second gel time, and a 12.5 second tack-free time. 



15 Exam ple 2 

The (A) component of a spray polyurea elastomer consisted of 101.71 parte of 
quasi-prepolymer, RUBINATE® 9480. The (B) component was prepared by 
combining 48.0 parts of JEFF AMINE® D-2000, 9.0 parte of JEFFAMINE® T-5000, 

2 0 20.0 parts of XTA-754, 9.0 parts of ETHACURE® 100. The (A) and (B) components 
were mixed in the high-pressure, high-temperature, impingement-mix spray 
equipment, at an (A): (B) weight ratio of 1 . 1 6 and a volumetric ratio of 1 .00. The 
resulting polyurea elastomer was sprayed onto a flat metal substrate coated with a 
sodium oleate based external mold release agent A good coating resulted exhibiting a 

2 5 4.5 second gel time, and an 8 second tack-free time. 
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Example 3 

The (A) component of a spray polyurea elastomer consisted of 101,71 parts of 
5 qnasi-prepolymer, RUBINATE® 9480. The (B) component was prepared by 
combining 50.0 parts of JEFFAMNE® D-200G, 1 0.0 parts of JEFF AMINE® T- 
5000, 15.0 parts of XTA-754, 13.25 parts of ETHACURE® 100. The (A) and (B) 
components were mixed in the high-pressure, high-temperature, impingement-tnix 
spray equipment, at an (A): (B) weight ratio of 1 .1 5 and a volumetric ratio of 1 .00. 
1 0 The resulting polyurea elastomer was sprayed onto a flat metal substrate coated with a 
sodium oleate based external mold release agent A good coating resulted exhibiting a 
7.0 second gel tune, and a 1 3 .0 second tack-free time. 



15 Example 4 

The (A) component of a spray polyurea elastomer consisted of 96. SI parts of 
quasi-prepolymer, RUBINATE® 9480. The (B) component was prepared by 
combining 50.0 parts of JEFF AMINE® D-2000, 9.0 parts of JEFF AMINE® T-5000, 

2 0 7.8 parts of XTA-754, 19.8 parts of ETHACURE® 100, and 1 .25 parts of 

UNSLINK® 4200. The (A) and (B) components were mixed in the high-pressure, 
high-temperature, impingement-mix spray equipment, at an (A):(B) weight ratio of 
1.14 and a volumetric ratio of 1 .00. The resulting polyurea elastomer was sprayed 
onto a flat metal substrate coated with a sodium oleate based external mold release 

2 5 agent. A good coating resulted exhibiting a 6.0 second gel time, and a 1 3 .0 second 
tack-free time. 
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Example g 

The (A) component of a spray polyurea elastomer consisted of 97.56 parts of 
5 quasi-prepolymer, RUBINATB® 9480. The (B) component was prepared by 

combining 50.0 parts of JEFF AMINE® D-2000, 9.0 parts of JEFF AMINE® T-5QG0, 
7.2 parts of XTA-754, 18.59 parts of ETHACURE® 100, and 3.85 parts of 
UNILINK® 4200. The (A) and (B) components were mixed in the high-pressure, 
bigh-temperature, impingement-mix spray equipment, at an (A):(8) weight ratio of 
10 1.13 and a volumetric ratio of 1 .00. The resulting polyurea elastomer was sprayed 
onto a flat metal substrate coated with a sodium oleate based external mold release 
agent A good coating resulted exhibiting a 9.0 second gel time, and an 17.0 second 
tack-free time. 
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1) A process for producing an elastomerie polyurea comprising the steps of: 
a) providing an isoeyanate component in a first storage vessel; 



b) providing an amine component in a second storage vessel, wherein said 
amine component includes an aikyi-subshtuted isophorone diamine, 
characterized as comprising a mixture of the amines: 

10 




in which the N,1SP-di- substituted material is present in any amount between 
80,00% and 99.99% by weight based upon the total weight of the mixture, and 
in which R may represent any pendant group selected from the group 
15 consisting of: methyl; ethyl; 1 -propyl; 1 -butyl; 1-pentyl; 4-methyl-2-pentyl ; 

2-propyl; 2-butyl; 2-methyl-l-propyl; and cyclohexyl, in combination with at 
least one other amine useful in poiyurea manufacture; and 
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c) mixing a portion of the isocyanate compone nt contained in said first storage 
vessel with a portion of the amine component contained in the second storage 
vessel so as to form a polyurea composition, 
wherein the ratio of said isocyanate component to said amine component in the 
5 resultant polyurea is any ratio in the range of between 1 .00: 1 .00 to 1 .20: 1 .00. 



2) A process according to claim 1 wherein said isocyanate component comprises a 
quasi-prepolymer of an isocyanate selected from the group consisting of: an aliphatic 
isocyanate; and an aromatic isocyanate, and an active hydrogen-containing material. 



3) A process according to claim 2 wherein the active hydrogen-containing material is 
a polyol, a high molecular weight amine-terminated polyoxyalkylene polyol, or a 
mixture thereof. 
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4) A process for producing an eiastomeric polyurea comprising the steps of: 

a) providing an isocyanate component in a first storage vessel; 

b) providing an amine component in a second storage vessel, wherein said 
amine component includes an alkyl-substirated isophorone diamine, 

5 characterized as comprising a mixture of the amines: 




,NH 2 



CH 3 CH 3 



H 3 C 




CH 3 CH 3 



in which the N,N'-di- substituted material is present in any amount between 
80.00% and 99.99% by weight based upon the total weight of the mixture, and 
in which R may represent any pendant group selected from the group 
consisting of: methyl; ethyl; 1 -propyl; 1-butyl; 1-pentyl; 4-methyl-2-pentyl; 2~ 
propyl; 2-butyl; 2-methyH -propyl; and cyclohexyl; said amine component 
further comprising at least one polyoxyalkyiene polyalkylrmlyamine of the 



Ri 

X ~f" R3 °]— R * N 

^R 2 
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in which Rj and R 2 are each independently selected from the group consisting of: 
hydrogen; an alkyl group having 1, 2, 3, 4, 5, or 6 carbon atoms, whether 
straight-chain or branched; or a radical of the formula: 



in which Rj in. each occurrence may be an aikyl group having any number of 
carbon atoms selected from 1, 2, 3, 4, 5, or 6, straight-chain or branched; R. 4 in 
each occurrence is a straight-chain or branched aJkyl bridging group having 1, 2, 
3, 4, 5, or 6 carbon atoms; Z is a hydroxy group or alkyl group containing I, 2, 
3, 4, 5, or 6 carbon atoms, siraight^hain or branched; q is any integer between 0 
and 400; and wherein X is any of: 

i) a hydroxy group or an alkyl group having any number of carbon 
atoms selected from 1, 2, 3, 4, 5, or 6; or 

! I 

ii) a group Rj-N- or R^-N-Ry- in which Rj and Rg are each independently 
selected from the group consisting of: hydrogen; an alkyl group having 1, 2, 3, 4, 
5, or 6 carbon atoms, whether straight-chain or branched; or 
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as defined above in which Z is a hydroxy group or an alkoxy group having 1 5 2, 
3, 4, 5. or 6 carbon atoms, and in which R? is a straight-chain or t 
alkylene bridging group having 1, 2, 3, 4, 5, or 6 carbon atoms; or 

5 iii) a moiety of the formula; 

i 

R 17 - 



Ria 1 (R2i)d-CHR80) b -R 9 -K^....| 



Rio 
R11 



-<R 12 0) c -R 13 -N R i4 



in which R vo , R n , R 14 , and R l5 are each independently selected from the group of: 
hydrogen; an alky! group having 1, 2, 3, 4, 5, or 6 carbon atoms, straight-chain 
or branched; the moiety 



as defined above in which Z is a hydroxy or alkoxy group having 1, 2, 3, 4, 5, or 
6 carbon atoms; R s and R 12 are each independently aikyl groups having 1, 2, 3, 4, 
5, or 6 carbon atoms, straight-chain or branched; R 9 , R„, and R 21 are each 
independently selected from a straigM-chain or branched aikyl bridging linkage 
having 1, 2, 3, 4, 5, or 6 carbon atoms; R {& R !7 , R m R !95 R^ are each 
independently selected from hydrogen or an aikyl group having 1, 2, 3, 4, 5, or 6 
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carbon atoms; d is 0 or 1; a is any integer between 0 and 100, with the proviso 
that when X is a moiety of the formula given in iii) above, b and c may each 
independently be any integer in the range of 0 to 390, and the sum of a+b+c is 
any number between 2 and 400; and 

5 

c) mixing a portion of the isocyanate component contained in said first storage 
vessel with a portion of the amine component contained in the second storage 
vessel so as to form a polyurea composition, wherein the ratio of said 
isocyanate component to said amine component in the resultant polyurea is 
10 any ratio in the range of between 1 .00: 1 . 00 to 1 .20: 1.00. 

5) A process according to claim 4 wherein said isocyanate component comprises a 
q uasi-prepolymcr of an isocyanate selected from the group consisting of: an aliphatic 
isocyanate; and an aromatic isocyanate, and an active hydrogen^nteining material. 

15 

6) A process according to claim 5 wherein the active hydrogen-containing material is a 
polyol, a high molecular weight amme^enninated polyoxyalkylene polyoL or a 
mixture thereof. 
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7) As elastomeric polyurea coating which is produced by: 

a) providing aa isocyanate component in a first storage vessel; 



b) providing an amine component in a second storage vessel, wherein said 
5 amine component includes an alicyl-substituted isophorone diamine, 

characterized as comprising a mixture of the amines: 




in which the N,N'-di- substituted material is present in any amount between 
80.00% and 99.99% by weight based upon the total weight of the mixture, and 
1 G in which R may represent any pendant group selected from the group 

consisting of: methyl; ethyl; 1 -propyl; 1 -butyl; 1-pentyl; 4-rnethyl-2-pentyl; 2- 
propyi; 2-butyl; 2-methyl-l -propyl; and cyclohexyl, in combination with at 
least one other amine useful in poly urea manufacture; and 

15 c) mixing a portion of the isocyanate component contained in said first storage 

vessel with a portion of the amine component contained in the second storage 
vessel so as to form a polyurea composition, 
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wherein the ratio of said isocyanate component to said amine component in the 
resultant poiyurea is any ratio in the range of between 1 .00: 1 .00 to 1 .20: 1 .00. 



8) A coating according to claim 7 wherein said isocyanate component comprises a 
5 quasi-prepolymer of an isocyanate selected from the group consisting of: an aliphatic 
isocyanate; and an aromatic isocyanate, and an active hydrogen^ontaining material. 

9) A coating according to claim 8 wherein the active hydrogen-containing material is 
a polyol, a high molecular weight amine^enrtinated polyoxyalkylene polyol, or a 

1 0 mixture thereof. 

10) An elastomeric rxdyurea coating which is produced by: 

a) providing an isocyanate component in a first storage vessel; 

b) providing an amine component in a second storage vessel, wherein said 
1 5 amine component includes an alkyl-substituted isophorone diamine, 

characterized as comprising a mixture of the amines: 
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in which the NJNP-di- substituted material is present in any amount between 
80.00% and 99.99% by weight based upon the total weight of the mixture, and 
in which R may represent any pendant group selected from the group 
consisting of: methyl; ethyl; 1 -propyl; 1 -butyl; 1-pentyl; 4-methyl-2~pentyl; 2- 

5 propyl; 2-butyl; 2-methyi-l-propyl; and cyclohexyl; said amine component 

further comprising at least one polyoxyalkylene polyalkylpolyamme of the 



10 



in which R 3 and R 2 are each independently selected from the group consisting of: 
hydrogen; an alkyl group having 1, 2, 3, 4, 5, or 6 carbon atoms, whether 
straight-chain or branched; or a radical of the formula: 



in which R, in each occurrence may be an alkyl group having any number of 
carbon atoms selected from 1,2,3, 4, 5, or 6, straight-chain or branched; R 4 in 
each occurrence is a straight-chain or branched alkyl bridging group having 1, 2, 
3, 4, 5, or 6 carbon atoms; Z is a hydroxy group or alkyl group containing 1, 2, 
3, 4, 5, or 6 carbon atoms, straight-chain or branched; q is any integer between 0 
and 400; and wherein X is any of: 
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i) a hydroxy group or an alky! group having any number of carbon 

atoms selected from 1, 2, 3, 4, 5, or 6; or 

R 5 Rj 
i i 

5 ii) a group Rg-N- or Rj-N-R?- in which Rj and Rg are each independently 

selected from the group consisting of: hydrogen; an aikyi group having 1, 2, 3, 4, 
5, or 6 carbon atoms, whether straight-chain or branched; or 



as defined above in which Z is a hydroxy group or an alkoxy group having i, 2, 
3, 4, 5, or 6 carbon atoms, and in which R 7 is a straight-chain or branched 
alkylene bridging group having 1, 2, 3, 4, 5, or 6 carbon atoms; or 

iii) a moiety of the formula: 

R18 



Rl8 6 (R 21 )^0-(R 8 0) b -R s -fl F 

R19 0 O (Ri20) c -Ri3-N R 



in which R ia , R u , R [4 , and R l5 are each independently selected from the group of: 
hydrogen; an aikyi group having 1, 2, 3, 4, 5, or 6 carbon atoms, straight-chain 
or branched; the moiety 
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as defined above in which Z is a hydroxy or alkoxy group having 1,2,3, 4, 5, or 
6 carbon atoms; Rg and R n are each independently alkyi groups having 1, 2, 3, 4, 
5 5, ox 6 carbon atoms, straight-chain or branched; R^, R i3 , and R^ are each 

independently selected from a straight-chain or branched alky! bridging linkage 
having 1, 2, 3, 4, 5, or 6 carbon atoms; R l& , R !7 , R S6 , R 19 , are each 
independently selected from hydrogen or an alkyl group having 1, 2, 3, 4, 5, or 6 
carbon atoms; d is 0 or 1; a is any integer between 0 and 100, with the proviso 
1 0 that when X is a moiety of the formula given in iii) above, b and c may each 

independently be any integer in the range of 0 to 390, and the sum of a+b4o is 
any number between 2 and 400; and 



c) mixing a portion of the isocyanate component contained in said first storage 
1 5 vessel with a portion of the amine component contained in the second storage 

vessel so as to form apolyurea composition, wherein the ratio of said 
isocyanate component to said amine component in the resultant polyurea is 
any ratio in the range of between 1.00:1.00 to 1.20:1.00. 
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